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ABSTRACT
We have obtained HST/STIS data for a total of eleven polars as part of a
program aimed to compile a homogeneous database of high-quality far-ultraviolet
(FUV) spectra for a large number of cataclysmic variables (CVs). Of the eleven
polars, eight were found in a state of low accretion activity (V347Pav, VVPup,
V834Cen, BLHyi, MRSer, STLMi, RXJ1554.2+2721 and V895Cen) and three
in a state of high activity (CD Ind, ANUMa and UWPic). The STIS spectra
of the low-state polars unambiguously reveal the photospheric emission of their
white dwarf (WD) primaries. We have used pure hydrogen WD models to fit the
FUV spectra of the low-state systems (except RXJ1554.2+2721, which is a high-
field polar) in order to measure the WD effective temperatures. In all cases, the
fits could be improved by adding a second component, which is presumably due
to residual accretion onto the magnetic pole of the WD. The WD temperatures
obtained range from 10 800K to 14 200K for log g = 8.0. Our analysis more
than doubles the number of polars with accurate WD effective temperatures.
Comparing the WD temperatures of polars to those of non-magnetic CVs, we
find that at any given orbital period the WDs in polars are colder than those
in non-magnetic CVs. The temperatures of polars below the period gap are
consistent with gravitational radiation as the only active angular momentum
loss mechanism. The differences in WD effective temperatures between polars
and non-magnetic CVs are significantly larger above the period gap, suggesting
that magnetic braking in polars might be reduced by the strong field of the
primary. We derive distance estimates to the low-state systems from the flux
scaling factors of our WD model fits. Combining these distance measurements
with those from the literature, we establish a lower limit on the space density of
polars of 1.3× 10−6 pc−3.
Subject headings: Line: Formation – Novae, Cataclysmic Variables – Stars: In-
dividual – Stars: Magnetic Fields – Stars: White Dwarfs
1Based on observations made with the NASA/ESA Hubble Space Telescope, obtained at the Space
Telescope Science Institute, which is operated by the Association of Universities for Research in Astronomy,
Inc., under NASA contract NAS 5-26555.
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1. Introduction
Polars, also called AMHer stars, are cataclysmic variables (CVs) containing a white
dwarf (WD) with a strong magnetic field (B ≥ 10MG) and a Roche lobe filling late type
star (the secondary) that is losing mass to the WD through the inner Lagrangian point
(L1). For the typical B ∼ 10 − 80MG fields in polars, the material travels on a ballistic
trajectory from L1 to a point where the magnetic pressure exceeds the ram pressure of
the accretion stream. At that point, the material is captured by the field and falls along
the field lines to the magnetic pole or poles of the WD. A disk does not form because the
material is captured before it reaches the stream circularization radius. The strong magnetic
interaction between the WD and the donor star also results in the synchronization of the
WD with the orbital period of the system. Due to the absence of a disk, polars do not
show the outbursts characteristic of dwarf novae. Instead, they undergo deep low states on
irregular timescales of months to years, up to three magnitudes fainter than their bright
(high) states, during which the WD accretes at an extremely low rate. Since there is no disk
to buffer the material before it reaches the WD, variations in accretion rate onto the WD
directly reflect changes in the mass loss rate of the secondary (possibly due to star spots
covering L1; Hessman et al. 2000). Even though mass transfer via Roche lobe overflow may
cease during a low state, the WD might still accrete some material from the donor star wind,
as occurs in post common envelope binaries (see e.g. O’Donoghue et al. 2003). The sources
of ultraviolet (UV) emission that dominate in the high state - a hot polar cap near the
footpoint of the accretion column, contributing most in the far-UV (FUV), and the X-ray
illuminated accretion stream - greatly weaken or completely disappear during low-states. In
this situation, the WD photosphere is the main source of FUV-radiation (e.g Ga¨nsicke et al.
1995; Stockman et al. 1994; Ga¨nsicke 1998a; Ga¨nsicke et al. 2000; Rosen et al. 2001; Schwope
et al. 2002) and the effective temperature of the WD can be directly measured.
With typical effective temperatures in the range 10 000−50 000K, the best-suited wave-
length range to observe CVWDs is in the region from 1500−3000A˚. As a consequence, much
of the efforts on studying CVWDs were directed to the UV regime. The first measurements
of WD effective temperatures in CVs were carried out with the International Ultraviolet Ex-
plorer (IUE ) two decades ago (Mateo & Szkody 1984; Panek & Holm 1984). As a result of
the IUE observations, Sion (1985, 1991) recognized that WDs in CVs were hotter than field
WDs of comparable age, and suggested that compressional heating by the accreted material
could account for this fact. More recently, Townsley & Bildsten (2002b, 2003, 2004) have car-
ried out detailed studies of the long term effects of accretion on the thermal structure of the
core and the envelope, including low-level nuclear burning, and have determined a relation-
ship between the long-term average accretion rate and the photospheric temperature of the
WD. This makes the measurement of CVWD temperatures an extremely important issue,
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since the secular mean of the mass accretion rates is key to understanding the evolutionary
history of CVs.
A total of 23 polars were observed with IUE during its long and successful history,
and these observations allowed a number of important insights into the accretion process of
magnetic CVs (see e.g. de Martino 1998, for a review). Only a handful of these systems were
bright enough to obtain estimates of their WD temperatures (e.g. Heise & Verbunt 1988;
Ga¨nsicke et al. 1995, 2000), the vast majority of polars were too faint for IUE to obtain
UV spectroscopy of their WDs during low states. The larger aperture of the Hubble Space
Telescope (HST ) allowed observations of fainter polars using the Faint Object Spectrograph
(FOS) and the Goddard High Resolution Spectrograph (GHRS), but the number of different
polars (and CVs in general) measured remained quite small (Stockman et al. 1994; de Martino
et al. 1998; Rosen et al. 2001; Schwope et al. 2002). To address this problem, we undertook
an HST snapshot survey with the goal of obtaining reasonable high quality FUV spectra of
a substantial sample of CVs of all subclasses (Ga¨nsicke et al. 2003). Here we report on the
observations of the eleven polars obtained as part of this survey.
2. Observations and Data Reduction
FUV spectroscopy of eleven polars was obtained with HST/STIS in Cycle 11 (Table 1).
The data were obtained using the G140L grating and the 52′′ × 0.2′′ aperture, providing a
spectral resolution of R ≈ 1000 over the wavelength range 1150−1710 A˚. Since the total time
involved in a snapshot observation is short (∼ 35min), we chose to make the observations in
ACCUM mode in order to minimize the instrument overheads, resulting in exposure times of
≃ 12− 15min. As a result of this choice, each observation resulted in a single time averaged
spectrum of each polar. For the analysis described here, all of the data were processed within
IRAF1 using CALSTIS V2.13b. Figure 1 shows the STIS spectra of the eleven polars that
were observed.
During target acquisition, HST points at the the nominal target coordinates and takes
a 5′′ × 5′′ CCD image with an exposure time of a few seconds. Subsequently, a small slew
is performed that centers the target in the acquisition box, and a second CCD image is
taken. The acquisition images for these observations were obtained using the F28× 50LP
long-pass filter, which has a central wavelength of 7228.5 A˚ and a full-width at half maxi-
mum (FWHM) of 2721.6 A˚. We have made use of the STIS acquisition images to establish
1IRAF is distributed by the National Optical Astronomy Observatories, which is operated by the Associ-
ation of Universities for Research in Astronomy, Inc., under contract with the National Science Foundation.
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the (quasi-simultaneous) brightness of the systems at the time of the FUV observations.
We computed instrumental magnitudes from the acquisition images by performing aperture
photometry with the sextractor (Bertin & Arnouts 1996). We then obtained from the HST
archive a number of acquisition images of well-calibrated flux standards (GRW+70◦5824 and
G191B2B) to convert the instrumental magnitudes into F28× 50LP magnitudes. Testing
the method on a number of STIS observations of objects of known and constant magnitudes
shows that the acquisition images can be used to determine the visual magnitude to typically
±0.1mag. The response of the F28× 50LP filter is closest to that of an R filter, but extends
further both into the blue and red.
Based on the appearance of the FUV spectra (Fig. 1) and the F28× 50LP magnitudes
(Table 1), three of the systems that we observed were found in a high state: CD Ind, ANUMa
and UWPic. Their FUV spectra are characterized by a nearly-flat continuum superimposed
by strong emission lines of He, C, N, and Si. During the high state, the dominant FUV
emission sources in polars are the heated polar cap (or hot spot) and the accretion stream.
Line emission is the result of photoionization of the accretion stream by the high-energy
photons from shocks in the accretion column and/or the impact regions of material on
the WD surface. CD Ind, ANUMa and UWPic exhibit similar emission line ratios of C IV
λλ1548, 1551, He II λ1640, NV λλ1239, 1243, Si IV λλ1394, 1403, C III λ1176, Si III λ1207 and
C II λ1333 (see next section), the latter being the weakest in all three systems (Fig. 1). The
Si III λλ1295–1303 multiplet is also present in CD Ind and to some extent in ANUMa but
absent in the spectrum of UWPic. The emission lines are highly asymmetric, consistent with
their origin in the accretion stream, which has a large velocity gradient. The narrow Lyα
absorption (superposed on the broader emission) seen in the spectra of CD Ind and UWPic
is of interstellar origin.
Eight polars were observed in a state of very low accretion activity, as indicated by
the weakness (V347Pav, VVPup, STLMi and RXJ1554.2+2721,) or absence (V834Cen,
BLHyi, MRSer and V895Cen) of emission lines (Fig. 1). All of the low state systems2
show the broad Lyα absorption feature that is characteristic of a WD-dominated system. In
addition, the F28× 50LP magnitudes of these systems are consistent with the brightness level
of previously observed low states (Table 1). In V895Cen, the F28× 50LP magnitude is close
to the observed high-state V magnitude. However, in this long period polar the secondary
star significantly contributes in the red also during the high state (Craig et al. 1996; Stobie
et al. 1996; Howell et al. 1997). Consequently the high-to-low state variation in the R band
2Our definition of low state is mainly based on the appearance of the FUV spectra and specifically on
the direct detection of the WD. This does not mean that the accretion activity has stopped altogether but
merely that it is low enough so that the WD stands out over any other binary component
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is low and the F28× 50LP magnitude is only of limited use to determine the state of the
system. Unfortunately, no R low/high state magnitudes have been published for V895Cen,
except the USNO catalogue entry of R =15.9. Comparing this value to F28× 50LP=16.4
supports that the STIS observations were obtained during a low state of accretion. The fact
that the WD is clearly visible in these systems allows us to obtain one of their fundamental
system parameters, the WD temperature (Twd), as well as to estimate their distances.
A common feature in the FUV spectra of the low-state systems in Fig. 1 (see also
Fig. 4), with the exception of RXJ1554.2+2721 (RXJ1554 for simplicity), is the presence
of quasi-molecular hydrogen H+2 at ∼ 1400 A˚. Also present in VVPup, BLHyi, V347Pav
and STLMi is absorption by quasi-molecular hydrogen H2 at ∼ 1600A˚. The nature of both
quasi-molecular features, first identified in WDs by Koester et al. (1985) and Nelan &Wegner
(1985), is attributed to perturbations of the potential energy between the ground and first
excited state of a neutral hydrogen atom caused by a proton or by another neutral hydrogen
atom. In both cases the perturbation results in a shift of the energy of the emitted/absorbed
photon, producing H+2 Lyα absorption at ∼ 1400 A˚ in the case of a perturbing proton, and
producing H2 Lyα absorption at ∼ 1600 A˚ in the case of a perturbing neutral hydrogen atom.
The strength of both features depends strongly on the temperature of the hydrogen plasma
(i.e. the WD atmosphere): the 1400 A˚ feature is present for Twd . 20 000K and the 1600 A˚
feature is only visible for Twd . 13 500K.
In contrast to the spectra of quiescent dwarf novae, the low state spectra of polars show
no metal absorption lines. In fact, not a single IUE or HST observations of any polar shows
metal absorption line strengths anywhere close to those observe in non-magnetic systems
(see e.g. Ga¨nsicke et al. 1995). This is in agreement with the idea that metal rich accreted
material is coupled to the magnetic field lines and sinks deep into the WD atmosphere.
Not until the gas pressure within the atmosphere exceeds the magnetic pressure can the
material break free and spread laterally, and this occurs at large optical depths (Beuermann
& Ga¨nsicke 2003).
An interesting feature in the low-state STIS spectrum of BLHyi is that it shows two
emission lines centered on Lyα. We believe that this is due to Zeeman splitting of Lyα and
in Fig.1 we identify the emission lines as the Lyα Zeeman pi, σ+ and σ− components. This
is only the second time in which Zeeman splitting has been observed in an emission line
(EFEri; Seifert et al. 1987) and the first time it has been observed in Lyα. We defer further
discussion of this system to Sec. 4.4.
The FUV spectrum of RXJ1554 reveals a very unusual broad absorption line centered
on ∼ 1280 A˚ (Fig. 1). We identify this feature as the Lyα Zeeman σ+ component, split in a
field of B > 100MG, analogous to that observed in the FUV spectrum of ARUMa, whose
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magnetic field strength is B = 230MG (the highest magnetic field among CVs; Schmidt
et al. 1996; Ga¨nsicke et al. 2001a). A full account of RXJ1554 is given by Ga¨nsicke et al.
(2004). Due to its high field strength, the temperature determination of the WD in RXJ1554
is subject to large systematic uncertainties, and we will not further discuss the properties of
this object in the context of the present paper.
3. Polars observed in a high state
In previous HST/STIS and IUE studies of the prototype polar AMHer, Ga¨nsicke et al.
(1995, 1998) have shown that during high states a large heated pole cap dominates the
FUV continuum emission at wavelengths . 1500 A˚. During the high state, the emission
from the polar cap in AMHer, even though arising from a high-gravity photosphere, showed
only a very shallow broad Lyα absorption line. Using a semi-empirical model, Ga¨nsicke
et al. (1998) showed that irradiation by thermal bremsstrahlung and/or cyclotron radiation
from the accretion column is likely to flatten out the temperature gradient in the WD
atmosphere around the accretion column, resulting in a significantly decreased depth of the
Lyα absorption compared to an undisturbed WD atmosphere. There is no evidence for
broad Lyα absorption (≃ 100 A˚) in any of the three high-state systems (see Fig.2). In
contrast, in CD Ind (and, less clearly, in UWPic) a broad emission bump centered on Lyα is
observed. Such feature could arise if irradiation results in a temperature inversion in the WD
atmosphere at a significant depth, where pressure (Stark) broadening is sufficient to affect
the Lyα profile over ≃ 100 A˚. Full phase-resolved FUV spectroscopy would be necessary to
assess this hypothesis.
The line properties of the high-state systems in Fig. 2 are summarized in Table 2. A
single Gaussian was fitted to each of the lines in the normalized spectrum with the exception
of the Si IV λλ1394, 1403 doublet where a double Gaussian fit was carried out. We also
computed the following line flux ratios: He II/C IV, Si IV/C IV and NV/C IV (see Table 3),
which fall within the normal range observed in CVs (Mauche et al. 1997; Ga¨nsicke et al.
2003). As observed by Mauche et al. (1997) from a small sample of polars, there is a
tendency within these three systems of exhibiting increasing NV/C IV ratios with increasing
Si IV/C IV, with the He II/C IV ratio remaining approximately constant.
In CD Ind and UWPic, a narrow Lyα absorption line is detected, which is of interstellar
origin and allows a determination of the column densities of neutral hydrogen along the
line of sight to these objects. We modeled the Lyα interstellar absorption profile with a
Lorentzian profile (Bohlin 1975) with the neutral hydrogen column density (NH) and the
profile broadening as free parameters. The broadening parameter used for both systems was
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the STIS resolution (i.e.≃1.2A˚). The broadening produced by the turbulent velocity of the
interstellar medium is so small compared with the instrumental resolution that it can be
neglected here. In the case of CD Ind, the resulting neutral column density is (1.0± 0.5)×
1019 cm−2, well within the upper limit 4.5 × 1020 cm−2 determined from radio 21 cm data
(i.e. value of the entire content of NH along the line of sight of CD Ind; Dickey & Lockman
1990). Our estimate is consistent with and should be more accurate than the more model
dependent value of (0.4± 1.0)× 1020 cm−2 obtained by Schwope et al. (1997) from ROSAT
observations. The top panel of Fig. 3 shows the computed interstellar Lyα profiles for values
of NH = 0.5 × 10
19 cm−2 and NH = 1.5 × 10
19 cm−2. Also shown is the FUV spectrum
of CD Ind corrected for the two respective values of NH. For NH > 1.5 × 10
19 cm−2, the
correction produces an unrealistically strong Lyα emission line. Due to clear signs of Lyα
emission in the spectrum of UWPic, red-shifted due to the orbital motion at the time of
the STIS observations, fitting the interstellar Lyα absorption is prone to some systematic
uncertainties, and we estimate a lower limit to be NH > 2 × 10
19 cm−2. This lower limit is
consistent with the value of NH = 1.2× 10
20 cm−2 reported by Reinsch et al. (1994), which
they derived from the analysis of ROSAT observations. Plotted on the bottom panel of Fig. 3
is the Lyα profile for values of NH = 2.0× 10
19 cm−2 together with NH = 1.2× 10
20 cm−2 of
Reinsch et al. (1994). As in the case of CD Ind, we corrected the observed spectrum for the
respective interstellar Lyα absorption profiles to be able to judge the best models. Certainly,
the value for NH cannot be greater than 1.2× 10
20 cm−2, as this would imply a broader Lyα
absorption profile than it is observed. Therefore, we believe that the real value for NH along
the line of sight of UWPic is clearly in between the two values plotted on Fig. 3, which
are well within the upper limit 4.5× 1020 cm−2, estimated from radio 21 cm data (Dickey &
Lockman 1990).
4. Polars observed in a low state
Previous analysis of IUE and HST/FOS observations of AMHer (Ga¨nsicke et al. 1995;
Silber et al. 1996), DPLeo (Stockman et al. 1994; Schwope et al. 2002), and HUAqr
(Ga¨nsicke 1998a) have demonstrated that the FUV flux of these polars during a low state
can be interpreted in terms of photospheric emission from the WD with two different tem-
perature regions: a small accretion-heated region – the polar cap (or hot spot) – and a
larger area with a relatively low temperature representing the “unheated” WD photosphere.
The main focus of our analysis here is to determine the temperatures of the WDs in seven of
the polars observed with STIS in a state of low accretion activity (Table 1). The approach
we have adopted is to fit the STIS data of each of the systems with model spectra consist-
ing of (a) a single WD; (b) a WD and a power-law; and (c) a two-component WD model.
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The two-component WD model is intended to represent the region of the WD unaffected by
accretion and the hot spot at the base of the accretion column. We believe this model is
the most physically reasonable of the three approaches. However, the other two models are
important to assess the need for a second component and assess whether we have statistically
significant evidence for our specific hot spot temperatures.
4.1. WD model spectra and fitting routine
We created a grid of local thermodynamic equilibrium (LTE), pure hydrogen (DA)
WD non-magnetic model spectra with temperatures ranging from 8000K to 60 000K, using
the codes TLUSTY/ SYNSPEC (Hubeny 1988; Hubeny & Lanz 1995). The spectra were
smoothed to the resolution of the STIS. No additional broadening is expected since the WDs
in polars are phase-locked to the secondary and therefore rotational effects are very small.
We computed model spectra for three values of the surface gravity, log g =7.5, 8.0, and 8.5.
In this way we cover WD masses ofMwd ≃ 0.33−0.90M⊙, which is the typical range of WD
masses found in CVs.
The assumption of LTE is well-justified for the temperature range considered here. In
contrast to non-magnetic CVs, the FUV spectra of polars show no noticeable metal absorp-
tion lines, and therefore the use of pure-hydrogen models is appropriate. The field strengths
of the systems studied here (Table 1) are too low to cause significant changes in the Lyα
profile due to Zeeman-splitting. The spectrum of BLHyi (B = 23MG; Schwope & Beuer-
mann 1990; Ferrario et al. 1996) in Fig. 1 shows Zeeman-splitting of Lyα in emission whose
components are well within the broad Lyα absorption originating in the WD atmosphere.
This illustrates that fields of this magnitude do not modify the Lyα profile significantly.
Therefore, despite the fact that we have not attempted to create spectra for magnetic DAs,
we believe the temperatures are reliable. In addition, all the polars studied here are cold
enough to show strong quasi-molecular H+2 , and in some cases quasi-molecular H2 absorp-
tion lines (see Fig. 4). The dominant uncertainty in our approach is due to the unknown
masses of the WDs. In fact, Twd and Mwd (or log g) are correlated as the width of Lyα
increases with higher WD mass as well as with lower effective temperatures. We explore
below quantitatively the dependence of the best-fit Twd on log g.
Our fitting routine permits the use of single or multi-component spectral models, and
uses χ2 minimization as best-fit criterion. In carrying out the fits, we masked the emission
lines in the spectra of VVPup, BLHyi, V895Cen, V347Pav and STLMi; the other low-state
spectra were emission line-free. Free parameters in the fit are the temperature (or power-law
index) and the scaling factor of each component. The scaling factor between the model
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spectra and the observed data is defined as
f
H
= 4pi
Rwd
2
d2
, (1)
where f and H are the “de-reddened” flux and the Eddington flux of the model, respectively,
and Rwd and d are the WD radius and the distance to the system. We have assumed negligible
reddening for all seven systems (consistent with the absence of detectable reddening in the
IUE spectra of V834Cen, BLHyi, VVPup and MRSer; La Dous 1991). However, in order to
test the effect of reddening (E(B−V )) on the fits we repeated the fits assuming E(B−V ) = 0.05,
which can be considered a conservative upper limit for these relatively nearby high-galactic
latitude systems. The WD temperatures did not change by more than ≃ 200K. The scale
factors increased by a factor of ≃ 1.5 compared with E(B−V ) = 0 because the de-reddened
flux is higher. This translates into a decrease of ≃ 20% on the derived distance estimates,
which is within the error introduced by the uncertainty of the WD mass (see Sect. 4.3).
4.2. WD effective temperatures
As outlined above, our first approach was to fit the STIS spectra of the seven low-state
polars using a single temperature WD model. The results from this exercise are reported
in Table 5. The uncertainties in the derived temperatures and scaling factors are obtained
from three separate fits using log g = 7.5, 8.0, and 8.5 models, and reflect the fact that the
WD masses of these systems are unknown. It is apparent that the uncertainty in the WD
masses translates into only a relatively small uncertainty in the derived values for Twd. The
χ2
ν
values obtained from the three fits (i.e. for log g =7.5, 8.0 and 8.5 respectively) to each
of the spectra are essentially the same. This underlines the fact that it is not possible to
independently determine Twd and Mwd from the STIS data alone.
Guided by the experience of Stockman et al. (1994), Ga¨nsicke et al. (1995), Ga¨nsicke
(1998a) and Schwope et al. (2002), as well as by the relatively high values of χ2
ν
for a number
of systems (Table 5) we fitted the STIS spectra of the seven polars with the two-component
models introduced above: a WD plus a power-law or two WD components with different
temperatures. In all cases the two-component model improves the fit, most noticeably for
V834Cen, BLHyi and MRSer. However, based on χ2
ν
, we are unable to chose between models
that use a power-law or WD spectrum as the second component. Furthermore, we found that
the temperature of the second WD component, typically in the range 30 000K−70 000K, was
poorly constrained by the fits. This is not very surprising since in our spectral range, the
slope of the hotter WD continuum is close to the Rayleigh-Jeans limit and the Lyα profile is
weak and relatively narrow. Varying the temperature of the hot component had little effect
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on the resulting temperature and scaling factor for the cold WD component. Our conclusion
is that while a second component improves the fits, we cannot on the basis of statistics
(a) distinguish between power law fits and WD models for the second component, or (b)
accurately determine the temperature and fractional size of the second component from the
two WD fits.
We therefore decided to report the fits using two WD components with the second
component fixed at 50 000K, comparable to the “hot spot” temperature of DPLeo and
AMHer derived by Stockman et al. (1994) and Ga¨nsicke et al. (1998) from phase resolved
HST data. As for the single WD model approach, we fitted the STIS spectra for three values
of log g =7.5, 8.0 and 8.5. These results are listed in Table 5, with the errors reflecting the
uncertainty in the masses of the WDs. In all cases the optical flux of the best two temperature
fit model to each of the FUV spectra is consistent with the simultaneous optical flux obtained
from the HST/STIS acquisition image. The ratio of the scale factors for a given distance
and mass of the two temperature components (Table 5; F [%] = N2/N1 × 100) gives an idea
of the hot component contribution to our observations. This value needs to be interpreted
with caution as due to the nature of the observations (snapshots which only cover a small
portion of the orbital cycle) we are unable to properly quantify the true hot spot surface
area with respect to the entire WD. Overall, the effective temperatures of the WDs did
not change by large amounts compared to the single WD fits, but by analogy to the few
polars for which phase-resolved low-state FUV observations exist, we believe that the WD
temperatures determined from the two-component model are preferable.
4.3. Distances
Even though accurate distances to a few CVs have recently been determined directly
through ground and space based parallax programs (Harrison et al. 2000; Thorstensen 2003;
Beuermann et al. 2003, 2004), the bulk of all available distance estimates is still based
either on the absolute magnitude in outburst-orbital period relationship found by Warner
(1987) (only in the case of dwarf novae), or on red/infrared observations of the donor stars
in these systems. The latter technique is based primarily on the quasi-independent relation
between surface brightness of cool stars in the K-band and their temperature (or luminosity)
empirically found by Bailey (1981), and later refined by Ramseyer (1994). The most crucial
assumption of this method is that the observed K-band magnitude is entirely due to emission
from the secondary. Whereas in dwarf novae the outer (cooler) regions of accretion disks
may contribute to the observed red/infrared flux the main source of contamination in polars
is cyclotron emission. Hence, the K-band magnitude method is prone to underestimate the
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distances. A significant improvement of this method is achieved if the secondary can be
detected spectroscopically; Beuermann & Weichhold (1999) presented a calibration of the
surface brightness in the TiO absorption bands prominent in M-dwarfs found in short-period
CVs, and conclude that with the appropriate data, distance estimates with an accuracy of
10% can be obtained.
Here we make use of an independent method to estimate the distances of the polars
observed in the low state, based on the surface brightness of the primaries in these systems
through the normalization factor defined in Eqn. 1. To make use of this relation, we need to
assume a mass-radius relation to convert the WD mass/log g into a stellar radius. For the
low temperatures of the WDs considered here, the Hamada–Salpeter mass-radius relation
(Hamada & Salpeter 1961) is accurate enough. Obviously, the unknown WD mass is the
largest systematic uncertainty in these estimates. Our WD model fits primarily reflect the
shape of Lyα. At a given temperature, the Lyα profile increases in width as the mass
increases. At a given mass, the Lyα profile decreases in width as the temperature increases.
The physical reasons for these dependencies are as follows: A higher WD mass (higher log g)
implies a higher density in the WD atmosphere, resulting in an increase in the width of Lyα
due to the stronger Stark broadening. A higher temperature results in a narrower Lyα profile,
as the number of neutral hydrogen atoms decreases with increasing Twd. The same observed
Lyα profile can hence be fit approximately well with a somewhat hotter high-mass WD or a
somewhat colder low-mass WD. Furthermore, the surface area of the WD is ∝ Rwd
2, and Rwd
is anticorrelated with Mwd. Combining all effects, we find that the systematic uncertainty in
the distance is ±13− 23% for WD masses in the range Mwd = 0.33− 0.90M⊙ (see Table 6).
Using the WD as an independent distance estimator is not only useful to confirm distance
measurements based on Bailey (1981)’s method (see e.g. Ga¨nsicke et al. 1999; Araujo-
Betancor et al. 2003; Hoard et al. 2004), but is the only feasible way to obtain distance
estimates for systems in which the secondary is not detected, such as those likely to contain
a brown dwarf donor (e.g. EFEri: Beuermann et al. 2000, HS 2331+3909: Araujo-Betancor
et al. 2004).
4.4. Individual systems
Here we discuss the results for the individual systems and compare our findings to
previous studies.
VVPup — Liebert et al. (1978) fitted a blackbody to an optical low state spectrum and
estimated Twd ≃ 9000K and 80 pc< d <150 pc. Bailey (1981) estimated d ≃ 144 pc based
on the low-state K band magnitude measured by Szkody & Capps (1980). VVPup has been
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considered to host the coldest WD in a CV, however, our value of Twd = 11 900K moves it
to a significantly higher temperature. Blackbodies are relatively crude approximations to a
WD spectra, and our STIS result should supersede the older estimate. Our estimate of the
distance to VVPup, d = 151 ± 28
34
pc, agrees well within the errors with that obtained by
Bailey (1981) using Bailey’s method, which in general gives lower limits and therefore we
believe our value to be more robust.
V834Cen — Maraschi et al. (1984)’s blackbody fit to simultaneous optical and IUE
low-state spectra gave a Twd = 26 500K WD within a distance of d = 50 − 200 pc from
the low state R and I magnitudes. They noted, however, that the WD interpretation of
the UV continuum was somewhat ambiguous, as no broad Lyα absorption was observed.
Cropper (1990) applied Bailey’s method using K = 13.1, as reported by Maraschi et al.
(1984) during a high state. This value of K is clearly an upper limit to the K-brightness of
the secondary in V834Cen and therefore the derived distance d = 86pc is an absolute lower
limit. Further optical low-state spectroscopy and photometry was reported by Puchnarewicz
et al. (1990), Schwope (1990) and Ferrario et al. (1992). Puchnarewicz et al. (1990) obtained
Twd = 12 000K from a blackbody fit to the optical low-state continuum and d > 70 pc from
the spectral signature of the companion. Interestingly, both Schwope (1990) and Ferrario
et al. (1992) suggested a two-temperature model for the WD to fit the observations. Ferrario
et al. (1992) showed a very smooth, quasisinusoidal blue light curve (their Fig. 5), which they
interpreted as a hot spot of Tspot ≃ 50 000K on a Twd = 15 000−20 000K WD with probably
some cyclotron emission from a residual accretion column. Schwope (1990) modeled phase-
resolved low state optical spectroscopy with a Twd = 15 000K WD and a spot of 30 000K.
More recently, Ga¨nsicke (1998b) reached the same conclusion as Ferrario et al. (1992) and
Schwope (1990) about the need of two-temperature model to fit the observations of V834Cen.
They used IUE low state spectroscopy and find Twd = 15 000K and Tspot = 30 000K.
Our STIS value for the WD temperature of V834Cen, Twd = 14 300K, confirms the values
reported by Schwope (1990) and Ga¨nsicke (1998b), and our data clearly underline the need of
a two-component model for V834Cen in the low state. Our distance estimate, d = 144± 18
23
pc
appears realistic.
BLHyi — As already mentioned in Sec. 2, the spectrum of BLHyi exhibits Zeeman-
splitting in the Lyα emission (see Fig. 1). We measure the spacing between the central pi
component and the σ− and σ+ components of the Lyα emission Zeeman-splitting to be
∆λ ∼ 14 A˚. Using ∆λ = eλ2B/4pimec
2 (where e is the electron charge and me is its mass),
or B = 1.45∆λ [MG] (for values of ∆λ in A˚), we infer a field strength of B ∼ 20MG which is
consistent with the value measured from cyclotron radiation and Zeeman absorption features
(B = 23MG; Schwope & Beuermann 1990; Ferrario et al. 1996). Considering that B ∝ 1/r3,
the Lyα emission line must arise therefore from emission regions very close to the white dwarf
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surface. A previous study of BLHyi reported by Wickramasinghe et al. (1984) gave a value
for the temperature of the WD of Twd ≃ 20 000K. In this case, the authors modeled low-state
optical spectroscopy with simple magnetic WD models. Our estimate, Twd = 13 300K, is
significantly different from the above but agrees well with the estimate of Schwope et al.
(1995), Twd = 13 000K, obtained from modeling optical low-state spectroscopy of BLHyi.
Here the authors used a distance to the system of d = 132 ± 20 pc, obtained via Bailey’s
method. Our distance estimation d = 163± 18
26
pc is consistent with the above.
MRSer —Mukai & Charles (1986) fitted optical low-state spectroscopy with a composite
model consisting of a blackbody plus M-dwarf template and found Twd ≃ 9000K and d =
142 pc. They mentioned, however, that the choice of Twd was somewhat arbitrary, and they
were mainly interested in the secondary star. Szkody et al. (1988) fitted IUE intermediate
state data with WD models and found Twd ≃ 20 000K. The absence of a Lyα absorption
line, characteristic of the WD photosphere, casts some doubt on the interpretation of the
authors and the inferred value. Schwope et al. (1993) estimated d = 139 ± 13 pc from the
detection of the M5–M6 secondary star in optical low state spectroscopy which agrees well
with our estimate, d = 160 ± 18
26
pc. The same authors derived Twd = 8500− 10 000K from
modeling the low state spectrum with WD spectra. The value obtained in the present work
for the temperature of the WD, Twd = 14 200K, is significantly higher than the previous
estimates, but being based on the unambiguous signature of the WD in the FUV, we believe
that our value is more accurate.
V895Cen — Howell et al. (1997) estimated the distance to V895Cen to be d ≃ 250 −
295 pc by using the absolute visual magnitude of the best main-sequence template fit to
the optical spectrum and the measured V -magnitude. Our estimate of d = 511± 60
81
pc puts
V895Cen significantly further away. As in the case of Bailey’s method, the method employed
by Howell et al. (1997) gives lower limits for the distance since other sources within the system
(apart from the secondary) might have contributed to the measured visual magnitude.
V347Pav — Ramsay et al. (2004) modeled UV broadband fluxes obtained from the
Optical Monitor (OM) on board of the XMM -Newton observatory to estimate Twd < 10 200K
and d ≃ 40−50 pc. Their observations were obtained during a high state, so the contribution
of the accretion spot/stream to the UV flux was likely to have contaminated the emission from
the WD, and broad-band fluxes were probably insufficient to permit a reliable determination
of Twd. A WD temperature of Twd = 11 800K at a distance d = 171±
33
38
determined from our
detailed STIS spectroscopy is certainly a more robust result. With Ramsay’s 2004 distance
of ≃ 40 − 50 pc, V347Pav would be one of the closest CVs known, and a ground-based
parallax program would be worthwhile to test this hypothesis.
STLMi —The first report on the temperature of the WD in STLMi was made by
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Schmidt et al. (1983). In their paper they estimated Twd = 10 000− 25 000K by comparing
a low state optical spectrum of STLMi to that of AM Her. Szkody et al. (1985) obtained
a WD temperature of Twd = 13 400± 2000K from blackbody fits to IUE low state spectra
and optical/IR photometry. Bailey et al. (1985) estimated d = 136 pc based on the faint-
phase K magnitude, and Twd = 12 000 − 30 000K from U − B and B − V colours. Mukai
& Charles (1987) modeled optical low-state spectroscopy of STLMi with a composite model
consisting of a blackbody plus M-dwarf template (M5–M6). They found that any of the
blackbody curves with temperature values within the range given by Bailey et al. (1985) (i.e.
Twd = 12 000−30 000K) could equally well fit the observations. Our value of Twd = 10 800K
is the first unambiguous measurement of the WD temperature in STLMi. Our distance
estimate of d = 115± 21
22
pc is consistent with Bailey’s 1985 value of d = 136 pc.
5. Discussion
We have obtained HST/STIS FUV observations of a group of eleven polars, eight of
which were found in a low accretion state. Thanks to the reduction of the mass transfer
from the secondary, we were able to have a direct view at the WD allowing us to measure
its temperature and to estimate the distances to the systems.
5.1. WD temperatures in the context of CV evolution
Measuring WD effective temperatures for seven polars from high-quality STIS data
represents a substantial addition to the number of polars with well-determined WD tem-
peratures. In order to discuss our results in the general context of CVWD tempera-
tures, we have compiled in Table 7 a list of reliable CVWD temperature measurements.
We only include values derived from WD model fits to FUV spectra which clearly show
Lyα. The only exception is the short-period polar EFEri, in which the WD is unam-
biguously detected at optical wavelength during a low state (Beuermann et al. 2000). We
also exclude the WDs in the recently discovered polars, SDSSJ155331.12+551614.5 and
SDSSJ132411.57+032050.5 (Szkody et al. 2004b), and in HS 0922+1333 (Reimers & Hagen
2000) and WXLMi=HS1023+3900 (Reimers et al. 1999), as so far there is no evidence that
they have started Roche lobe overflow mass transfer.
Figure 5 shows the CVWD Twd as a function of the orbital period for magnetic and
non-magnetic CVWDs. Two important results are evident: (a) Twd decreases toward shorter
periods and (b) magnetic CVs show lower Twd than non-magnetic CVs at any given period.
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The new results confirm suggestions by Sion (1991), who used the best available temperature
information at the time: only two Twd measurements were reliable in the sense that we have
defined here (AM Her: Heise & Verbunt 1988 and V834Cen: Schwope 1990).
The evolution of single WDs is driven by the cooling of their degenerate cores. Isolated
WDs reach photospheric temperatures of Twd ≈ 8000K after ≃ 1Gyr and Twd ≈ 4500 −
5000K after ≃ 4Gyr (Salaris et al. 2000; Wood 1995). CVs are believed to spend on average
≃ 2Gyr as detached WD/main sequence binaries (Schreiber & Ga¨nsicke 2003). Once they
start mass transfer, they evolve above the gap on time scales of a few 100Myr, and below the
gap on time scales of several Gyr (Kolb & Stehle 1996). Comparing these time scales and the
observed Twd of CVWDs to the theory of WD cooling, it is evident that long term accretion-
induced heating (with possibly some additional heating occurring during nova outbursts) is
essential to compensate the secular core cooling.
According to the standard model of CV evolution (e.g. King 1988, for a review), systems
evolve to shorter orbital periods responding to angular momentum loss (AML) from the
binary, with magnetic braking dominating in systems above the period gap and gravitational
radiation in those below. While the standard theory explains the period gap by invoking
a sudden decrease in magnetic braking (= decrease in accretion rate), it fails to explain
a number of features that characterize the orbital period distribution of CVs (e.g. Kolb
& Baraffe 1999; Patterson 1998; King et al. 2002). Several authors (Patterson 1998; King
et al. 2002, among others) have suggested an additional AML mechanism working below
the period gap to resolve some of the discrepancies between the theory and the observations;
notably the observed minimum period (Pmin ∼ 80min) compared to the predicted value
(Pmin ∼ 65min), and the missing number of observed systems around Pmin, and below the
2 h orbital period in general, predicted by population synthesis models (Kolb & Baraffe 1999).
Townsley & Bildsten (2003) derived a relation between the mean mass accretion rate (〈M˙〉)
and temperature of the WD so that for a given temperature 〈M˙〉 can be estimated. Using
their 〈M˙〉-Twd relations, Townsley & Bildsten (2003) concluded that the temperatures of
non-magnetic CVs below the gap revealed mass accretion rates higher than those computed
from gravitational radiation alone, providing an indirect evidence for an additional AML
mechanism below the gap, which increases 〈M˙〉.
Whereas the standard scenario predicts that magnetic and non-magnetic CVs will evolve
in an indistinguishable way, Wickramasinghe &Wu (1994) and Li et al. (1994) have predicted
that the strong magnetic fields in polars would result in the formation of closed field lines
between the WD and the donor star. This will effectively reduce the number of the open
field lines responsible for the drain of angular momentum from the system. Consequently,
the mass transfer rates in polars are expected to be lower, and their evolution time scales
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longer compared to non-magnetic CVs.
Fig. 5 shows that for any given orbital period, WDs in magnetic CVs are colder than
in non-magnetic CVs. Following the work of Townsley & Bildsten (2002a, 2003, 2004) this
implies lower secular accretion rates in the strongly magnetic polars compared to the non-
magnetic dwarf novae, and is consistent with the hypothesis of reduced magnetic braking
in polars. The difference in WD effective temperature between magnetic and non-magnetic
CVs is largest above the gap, but it is still significant below the gap. Assuming gravitational
radiation as the only AML mechanism below the gap, there should be no differences between
the WD effective temperatures of magnetic and non-magnetic CVs. Our finding of lower
temperatures in polars compared to non-magnetic CVs also below the gap can be understood
in a scenario where residual magnetic braking is important below the gap, but is reduced by
the presence of a strong magnetic field on the WD.
While a difference in the long-term accretion rate between magnetic and non-magnetic
CVs is the most likely mechanism to explain the differences in their WDs effective tem-
perature, several other physical factors that could partially account for this effect need to
be considered. As discussed by Townsley & Bildsten (2003) Twd is a function of both, the
secular mean accretion rate and the WD mass, as a larger mass implies a higher accretion
luminosity per accreted gram of material. Considering this degeneracy in (M˙,Mwd), the
lower temperatures found in polars could be explained within a scenario where magnetic
and non-magnetic CVs have the same mean accretion rates, but magnetic CVs have on
average less massive WDs than non-magnetic CVs. While for single WDs the contrary is
true, i.e. magnetic WDs are more massive than non-magnetic ones (Liebert et al. 2003), the
situation is much less clear for CVs, as the CVWD mass values (with just a few exceptions)
are subject to extreme systematic uncertainties.
Another effect to consider is the degree to which short term variations in the accretion
history of the CVs being compared compromise the interpretation of Twd as indicative of the
long-term (105 yr) accretion rates that control the evolutionary history of CVs. Observations
of some dwarf novae, e.g VWHyi (Ga¨nsicke & Beuermann 1996) indicate that a WD returns
to a quiescent state within 20 days of outburst, while the WD in WZSge had not fully cooled
to its pre-outburst temperature 18 months after outburst (Long et al. 2003; Sion et al. 2003a).
These differences likely reflect the different amounts of mass accreted during an outburst,
much more in WZSge than in VWHyi. The situation in polars is less understood, since
essentially only one intensive study of interoutburst temperature measurements has been
conducted. In AMHer, Ga¨nsicke et al. (1995) have analyzed all available low-state IUE
observations of AMHer, and found consistently Twd ≃ 20 000K, independent of the time
passed since the previous high state. However, given the fact that the temperatures listed
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in Table 7 and shown in Fig. 5 were measured at random inter-outburst phases for the non-
magnetic systems, and at random points during low states for the polars, some conspiracy
appears to be necessary to explain the observed differences in Twd by the effect of short-
term heating/cooling. Obviously, given that the difference in Twd between magnetics and
non-magnetics is smallest in the region below the gap, this is where it is most difficult to
rule out the effects of short term heating, and that only few systems with reliable Twd are
available above the gap, additional data would be desirable to improve the statistics of the
temperature comparison.
5.2. Low-states versus high-states
In our survey of eleven polars, we have observed eight systems in a low-state of accretion
(or 73%). Considering the relatively small number of systems, the percentage of those found
in low state is in good agreement with the numbers found by Ramsay et al. (2004). In their
study they observed a total of 37 polars with XMM-Newton of which 16 (43%) were found in
a low-state. They also re-examine a sample of the ROSAT All-Sky Survey data and found
that 16 out of the 28 polars that were not discovered by ROSAT (57%) were in a low-state.
In their study the authors concluded that there was no evidence for a correlation between
the orbital period and the occurrence of low states. That means that low states appear not
to be connected with the evolution of the systems. Dedicated monitoring programs, aiming
at mapping out the frequency of high and low states in polars, is needed in order to confirm
this point and to search for any correlation with the WD magnetic field strength, which will
improve our understanding of CV evolution.
5.3. Space density
Standard population models (e.g. de Kool 1992; Kolb 1993; Politano 1996) typically
give a galactic CV space density of up to 10−4 pc−3. Assuming a scale height of ∼ 150 pc
above the galactic plane (Patterson 1984; Thomas & Beuermann 1998), a mid-plane density
of 10−4 pc−3 corresponds to ≃ 680 CVs within a distance of 150 pc (accounting for the
exponential drop-off in density over one scale height decreases the effective volume by a
factor ≃ 2) – compared to a few tens of known CVs with a confirmed d . 150 pc.
Within the error bars, we find six polars in our STIS sample that are within a distance
of ≃ 150 pc: VVPup, V834Cen, BLHyi, MRSer, V347Pav and STLMi. Compiling the
distance estimates for the other known polars from the literature
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are within a distance of 150 pc: AMHer (d = 79pc, Thorstensen 2003), EFEri (d ∼ 150 pc,
Beuermann 2000; Thorstensen 2003), and ARUMa (d ≃ 88 pc, Remillard et al. 1994). Again
assuming a scale height of 150 pc, the effective volume sampled is 6.81×106pc3, which implies
a space density of known polars of 1.3 × 10−6pc−3, compared to ∼ 4.4 × 10−6pc−3 of the
known non-magnetic CVs with d . 150 pc.
Considering that the majority of polars have been discovered by their X-ray emission,
that ROSAT has been the only all-sky-survey in this wavelength band, that polars spend
on average ≃ 50% of their time in a low state, and that the local interstellar medium is
inhomogeneous (Warwick et al. 1993) (which favors the discovery of systems in certain parts
of the sky more than others), it is clear that the number derived above is an absolute lower
limit on the space density of polars, and that the true value could be easily a factor ≃ 2
higher.
The total ratio of known magnetic/non-magnetic CVs is ∼ 22% (if we only include
confirmed AMHer stars and Intermediate polars; Downes et al. 2001)3 whereas it is ∼ 5%
for isolated WDs (Jordan 1997; Wickramasinghe & Ferrario 2000). If we assume that the
fractional birthrate of magnetic to non-magnetic WDs should be similar for single WDs and
those in CVs, then we must think of a mechanism that increases the fraction of magnetic
CVs. The first and obvious mechanism are observational selection effects. Whereas it is true
that ROSAT has been very efficient in finding magnetic CVs, the same is true for amateurs
finding dwarf novae, and a quantitative comparison is difficult. However, spectroscopic
optical surveys that are not biased towards X-ray emission but discover CVs on the base of
their colours/emission lines consistently report the fraction of magnetic CVs in the range
of ≃ 10 − 20% Ga¨nsicke et al. (2002); Marsh et al. (2002); Szkody et al. (2002a, 2003a,
2004a). An intrinsic mechanism of increasing the fraction of magnetic CVs is inherent to
the discussion in Sect. 5.1: if strong magnetic fields on the WD indeed inhibit the efficiency
of magnetic braking, then the evolution time scales of magnetic CVs are correspondingly
longer, and the likelihood of discovering them at a given orbital period is increased with
respect to non-magnetic CVs. A possible caveat to this line of reasoning is that the true
fraction of isolated magnetic/non-magnetic WDs might be higher than suggested by previous
studies. Liebert et al. (2003) have recently shown that the fraction of isolated magnetic/non-
magnetic WDs of the local sample, which is considered as complete (to distances of 13 pc),
is 11% ± 5% for B > 2MG. This value is marginally consistent with the ∼ 5% quoted
by Jordan (1997) and Wickramasinghe & Ferrario (2000), but it underlines the need to
3Alternatively, if we only consider those systems with d . 150pc, then the ratio of magnetic/non-
magnetic CVs is ∼ 40% (including the corresponding intermediate polars to the list of polars to account for
the magnetic CVs)
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understand observational selection effects.
6. Conclusions
We studied a group of eleven polars observed with HST/STIS as part of our snapshot
program aimed at compiling a homogeneous data base of high-quality FUV spectra of CVs.
Of the eleven AM Her systems under study here, we found eight in a low-state of accretion.
One described in detail elsewhere (Ga¨nsicke et al. 2004) is RXJ1554 with B > 100MG, the
third high-field polar. A second is BLHyi, for which we confirm a field of ∼20MG from
Zeeman splitting of Lyα in emission, the first time Lyα Zeeman splitting has been detected
in emission. Thanks to the reduction of the mass accretion rate during low-states a direct
study of the WD in these systems has been possible. We have derived their temperatures
and distances to the system of the low-state polars in an uniform way by fitting their FUV
spectra with WD models (with the exception of RXJ1554, where the high field strength
impedes an accurate Twd determination). Our main conclusions are as follows:
1. The low-state spectra of VVPup, V834Cen, BLHyi, MRSer, 894Cen, V347Pav, and
STLMi can be well described with two-temperature models: a hot component with a
small area (a hot polar cap) and a cold component which is ascribed to the ‘unheated’
photosphere of the WD. The seven polars analyzed have WD temperatures in the range
10 800K–14 200K.
2. Our analysis increases the sample of polars with well-determined Twd from 6 to 13.
Combining the Twd obtained here with all reliable CVWD temperatures from the
literature we find that the WDs in magnetic CVs are colder than those in non-magnetic
CVs at any given orbital period.
3. Using the Twd − 〈M˙〉 relation derived by Townsley & Bildsten (2003) we conclude
that the temperatures of polars below the gap are consistent with those expected from
gravitational radiation as the only mechanism removing angular momentum from the
systems. This is in contrast with the result for non-magnetic CVs below the gap ob-
tained by Townsley & Bildsten (2003), in which they found that an extra angular
momentum loss mechanism is needed to explain the measured accretion rates. Above
the gap, the WD temperatures in polars imply lower mean accretion rates than pre-
dicted by magnetic braking, which supports the hypothesis that a strong magnetic field
on the primary will reduce the efficiency of magnetic braking.
4. The total ratio of known magnetic/non-magnetic CVs is ∼ 22% compared to ∼ 5%
observed in isolated WDs. Reduced magnetic braking in polars would increase the time
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scale of their evolution, which might explain their apparent overabundance compared
to non-magnetic CVs.
5. We have obtained relatively accurate distance estimates to the low state systems from
the WD surface brightness. Using these distances and those published in the literature,
we find a lower limit to the space density of polars of 1.3× 10−6 pc−3.
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Table 1: Log of observations.
System Date UT Exp. [s] State F28× 50L Vrange Porb [min] B
V347 Pav 2003-03-28 02:23:05 700 low 17.7 15.2-17.6 90.0 < 25
VV Pup 2003-03-10 10:17:34 900 low 17.4 14.5-18.0 100.4 31/56
V834 Cen 2003-02-16 23:11:33 830 low 15.9 14.2-16.9 101.5 23
CD Ind 2003-03-25 10:00:04 900 high 15.8 16.2-17.4 110.9 11
BL Hyi 2003-06-25 08:29:29 830 low 17.2 14.3-17.4 113.6 33
MR Ser 2003-05-28 03:46:30 800 low 16.3 14.9-17.0 113.5 24
ST LMi 2003-05-28 18:15:30 900 low 16.9 15.0-17.2 113.9 18
AN UMa 2003-06-23 13:09:16 900 high 16.7 14.0-18.5 114.8 36
UW Pic 2003-02-22 23:08:29 900 high 15.8 16.4-17.2 133.4 19
RX J1554 2003-02-27 23:18:13 830 low 16.7 15.0-17.0 151.9 145
V895 Cen 2003-01-21 10:02:58 700 low 16.4 16.5-17.5 285.9 †
† Not available
Table 2: Line properties of the high-state magnetic CVs.
CD Ind ANUMa UWPic
Lines EW FWHM EW FWHM EW FWHM
A˚ A˚ A˚ A˚ A˚ A˚
He II λ1640 29 7 65 5 40 6
C IV λλ1548, 51 81 8 178 7 118 7
Si IV λ1394 17 6 24 6 14 5
Si IV λ1403 18 7 13 4 16 7
C II λ1333 7 6 15 7 4 6
Si III λλ1295, 03 15 12 ... ... ... ...
NV λλ1239, 43 22 9 42 8 13 8
Si III λ1207 8 7 11 4 6 4
C III λ1176 17 6 10 3 9 6
– 29 –
Table 3: Line flux ratios of the high-state magnetic CVs.
Log line ratios CD Ind ANUMa UWPic
He II/C IV -0.5 -0.6 -0.5
Si IV/C IV -0.3 -0.6 -0.6
NV/C IV -0.4 -0.7 -0.8
Table 4: Line properties of the low-state magnetic CVs.
V347Pav VVPup STLMi
Lines EW FWHM EW FWHM EW FWHM
A˚ A˚ A˚ A˚ A˚ A˚
He II λ1640 16 6 ... ... 13 4
C IV λλ1548, 1551 64 7 9 6 60 5
Si IV λ1394 14 5 ... ... 8 4
Si IV λ1403 5 3 ... ... 7 4
C II λ1333 19 8 ... ... 28 6
Si III λ1207 34 7 ... ... ... ...
C III λ1176 24 4 ... ... ... ...
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Table 5: Parameters obtained from model fits to the low-state spectra.
1-WD model 2-WD modelc
System Na1 T
a
1 χ
2b
ν
N1 +N
a
2 T
a
1 F
b χ2
b
ν
[10−23 sr] [1000K] [10−23 sr] [1000K] [%]
VV Pup 2.85± 1.15
0.74
12.3± 0.7
0.7
1.6 4.33± 1.01
0.72
11.9± 0.6
0.5
0.02 1.5
V834 Cen 3.47± 1.50
0.97
15.5± 1.0
1.0
4.1 4.78± 1.89
1.35
14.3± 0.9
0.9
0.31 1.4
BL Hyi 2.88± 1.43
0.84
14.2± 0.9
1.0
2.3 3.72± 1.59
1.07
13.3± 0.9
0.8
0.20 1.3
MR Ser 3.05± 1.18
0.85
15.1± 1.0
0.9
2.7 3.89± 1.58
1.12
14.2± 0.9
0.9
0.25 1.1
V895 Cen 0.28± 0.11
0.08
15.3± 1.0
1.0
1.4 0.38± 0.15
0.11
14.0± 0.9
0.9
0.36 1.2
V347 Pav 1.28± 0.53
0.38
13.3± 0.9
0.8
1.5 3.41± 0.77
0.61
11.8± 0.6
0.5
0.09 1.3
ST LMi 7.20± 1.86
1.52
10.9± 0.5
0.4
2.3 7.57± 1.82
1.79
10.8± 0.5
0.4
0.02 2.1
a N1,and N2, are the scale factors of the two-component fit (cold and hot respectively),
and T1 is the cold component temperature (or Twd). The errors are due to the uncertainty
in the mass
b The χ2
ν
and F (fractional scale factor of the hot temperature component compared to
the cold one) values are given only for the log g = 8.0 case. Due to the nature of the
observations (ACCUM mode), we are unable to properly quantify F , and therefore the
values given here represents lower limits to the true hot spot contribution
c The temperature of the second component (T2) is fixed at 50 000K
Table 6: Distances estimates to the low-state magnetic CVs.
1-WD model 2-WD model Literature
System d† [pc] d† [pc] d [pc]
VV Pup 187± 22
33
151± 28
34
144a
V834 Cen 169± 18
28
144± 18
23
86b
BL Hyi 186± 15
30
163± 18
26
∼ 130c
MR Ser 180± 23
30
160± 18
26
139± 13d
V895 Cen 600± 75
98
511± 60
81
250− 295e
V347 Pav 279± 31
43
171± 33
38
40− 50f
ST LMi 117± 22
23
115± 21
22
136g
† The errors are due to uncertainty in the mass
aBailey (1981), bCropper (1990), cBeuermann et al. (1985), dSchwope et al.
(1993), eHowell et al. (1997), fRamsay et al. (2004), gBailey et al. (1985)
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Table 7: List of CVWD temperatures
System Porb[min] Twd[K] Ref.
BWScl 78.2 14 800 1
LLAnd 79.2 14 300 2
EFEri‡ 81.0 9 500 3
WZSge 81.6 14 900 4
ALCom 81.6 16 300 5
SWUMa 81.8 14 000 1
HVVir 83.5 13 300 6
WXCet 83.9 14 500 7
EGCnc 86.4 13 300 6
DPLeo‡ 89.8 13 500 8
V347Pav 90.0 12 300 †
BCUMa 90.2 15 200 1
VYAqr 90.8 14 000 7
EKTra 91.6 18 800 9
VVPup 100.4 12 100 †
V834Cen 101.5 14 200 †
VWHyi 106.9 19 000 10
CUVel 113.0 18 500 11
BLHyi 113.6 13 100 †
MRSer 113.5 14 000 †
STLMi 113.9 10 800 †
EFPeg 123 16 600 2
HUAqr‡ 125.0 14 000 12
QSTel‡ 139.9 17 500 13
AMHer‡ 185.6 20 000 14
TTAri 198.0 39 000 15
DWUMa 198.0 50 000 16
MVLyr 191.0 47 000 17
V1043Cen‡ 251.4 15 000 18
UGem 254.7 31 000 19,20
SS Aur 263.2 31 000 21
V895Cen 285.9 13 800 †
RX And 302.2 34 000 22
ZCam 417.4 57 000 23
RUPeg 539.4 49 000 21
1Ga¨nsicke et al. (2004), 2Howell et al. (2002), 3Beuermann et al. (2000), 4Sion et al. (1995), 5Szkody et al. (2003b)
6Szkody et al. (2002b), 7Sion et al. (2003b), 8Schwope et al. (2002), 9Ga¨nsicke et al. (2001b), 10Ga¨nsicke &
Beuermann (1996), 11Ga¨nsicke & Koester (1999), 12Ga¨nsicke (1999), 13Rosen et al. (2001), 14Ga¨nsicke et al.
(1995), 15Ga¨nsicke et al. (1999), 16Araujo-Betancor et al. (2003), 17Hoard et al. (2004), 18Ga¨nsicke et al. (2000),
19Sion et al. (1998), 20Long & Gilliland (1999), 21Sion et al. (2004), 22Sion et al. (2001), 23Hartley et al. (2004),
‡Polars whose temperatures were found in the literature, †Temperatures obtained in this work (see Table 5)
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Fig. 1.— Snapshot spectra of the group of eleven polars observed by HST/STIS.
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Fig. 2.— Closer view of the HST/STIS snapshot spectra of the three magnetic CVs found
in a high state of accretion during the observations.
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Fig. 3.— Interstellar Lyα absorption of the spectra of CD Ind (top panel) and UWPic
(bottom panel) plotted in grey. Dash lines are the artificial Lyα profile for different values
of NH as well as the corresponding corrected spectra.
– 35 –
Fig. 4.— HST/STIS spectra (grey line) of the seven systems found in a low-state of accretion.
Plotted over (black line) is the best 2-WD model for each of the systems. The parameter
values for each of the models are given in Table 5.
– 36 –
Fig. 5.— WD temperatures versus orbital period. Filled triangles are non-magnetic CVs,
filled circles are those low-state polars under study in this article and open circles are polars
not contained here.
